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Objectives. We hypothesized a time-dependent relation between
angina occurring spontaneously before percutaneous translumi-
nal coronary angioplasty (PTCA) and the likelihood of an isch-
emic response during initial balloon occlusion. We further hy-
pothesized that the ability to elicit the “classic” mode of PTCA-
related preconditioning would vary with the interval from clinical
angina to PTCA.
Background. Antecedent angina represents a potential for
myocardial preconditioning in unstable ischemic coronary syn-
dromes.
Methods. We studied 67 patients with Braunwald class III
unstable coronary syndromes undergoing PTCA. The interval
between the last spontaneous episode of angina preceding PTCA
and initial balloon inflation was categorized as follows: 0 to 6 h; 6
to 12 h; 12 to 24 h; and >24 h.
Results. Across the various intervals, there was a significant
difference (p 5 0.004) in the proportion of patients with an absent
ischemic response during the first balloon inflation (0 to 6 h, 50%;
6 to 12 h, 35%; 12 to 24 h, 23%; and >24 h, 4%). There was,
however, no difference between the first and second inflations in
the proportion of patients with a diminished ischemic response
until 6 to 12 h (p 5 0.017) had elapsed since the last spontaneous
episode of angina. Patients whose angina last occurred >24 h
before the first inflation showed the greatest inducibility of
PTCA-related preconditioning.
Conclusions. Strong evidence exists for the occurrence of
ischemic preconditioning in unstable coronary syndromes. Al-
though the protective effect of spontaneous angina appears to
wane beyond 6 h, recovery of preconditioning occurs from 6 to
12 h. Thus, preconditioning can be reinduced during PTCA with a
marked potentiation of the effect at 24 h. This suggests an
underlying time-dependent mechanism with a physiologic “half-
life” of 6 to 12 h.
(J Am Coll Cardiol 1997;30:1461–5)
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Ischemic preconditioning represents a powerful protective
phenomenon whereby the extent of myocardial necrosis con-
sequent to coronary occlusion may be limited by an antecedent
brief period of reversible ischemia (1). Although the mecha-
nisms underlying this adaptive response are incompletely
defined, preconditioning has been verified in a number of
animal models (2–7). The evidence supporting the occurrence
of preconditioning in humans is less extensive (8,9). Precondi-
tioning has been studied using a percutaneous transluminal
coronary angioplasty (PTCA) model (10–13). Evidence sug-
gestive of preconditioning in naturally occurring clinical cir-
cumstances has been noted in recent myocardial infarction
trials. Specifically, patients with angina before having an acute
myocardial infarction exhibited improved clinical outcome and
reduced infarct size (14,15). However, no studies have been
reported in patients with unstable ischemic coronary syn-
dromes in which either evidence for preconditioning was
sought or its beneficial effects demonstrated. We hypothesized
that antecedent angina represents a potential for precondition-
ing in these unstable coronary syndromes. We further hypoth-
esized a direct relation between the inducibility of classic
preconditioning and the time elapsed since the last spontane-
ous episode of angina.
Methods
Patients. The study group consisted of 67 consecutive
patients with unstable ischemic coronary syndromes undergo-
ing PTCA from October 1995 through December 1996 (Table
1). Thirty-four patients presented with rapidly progressive or
rest angina, or both, accompanied by reversible electrocardio-
graphic (ECG) ST/T segment changes, and 33 patients pre-
sented with early postinfarction unstable angina. All patients
had Braunwald class III unstable angina (16) and were receiv-
ing antithrombotic (intravenous heparin plus antiplatelet)
therapy and at least one form of anti-ischemic medication
(beta-blockers, calcium channel antagonists or intravenous
nitrates).
The interval between the last spontaneous episode of
angina preceding the PTCA and the initial PTCA balloon
inflation was categorized as follows: 0 to 6 h (n 5 12); 6 to 12 h
(n 5 17); 12 to 24 h (n 5 13); and .24 h (n 5 25). This
preprocedural episode of angina must have been verified by
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patient chart documentation. In all patients, the target lesion
had $70% lumen diameter stenosis on visual assessment.
There was no baseline difference among the various intervals
with respect to gender, mode of clinical presentation, target
vessel, stenosis severity, presence of collateral channels or
anti-ischemic therapy (Table 1).
Assessment of ischemic response. The ischemic response
during PTCA balloon inflation was evaluated as follows.
During the initial balloon inflation, the patient was carefully
asked about the presence of characteristic anginal discomfort
by laboratory support staff who had no knowledge of the time
elapsed since the last episode of chest pain. During subsequent
balloon inflation, the patient was again asked (between 60 and
90 s) about the presence of chest discomfort and asked to
characterize the discomfort as less than, similar to or greater
than the discomfort experienced during initial balloon infla-
tion.
Continuous ST segment monitoring was obtained from the
surface ECG lead that best corresponded to the myocardial
region at risk. Quantitative off-line analysis of the extent of ST
segment shift (always positive) at 90 s was performed by staff
who had no knowledge of the time elapsed since the last
episode of chest pain. ST segment elevation of at least 0.1 mV
was considered to be indicative of ischemia.
In accordance with our hypotheses, ischemic precondition-
ing was deemed present if an ischemic response was absent
during initial balloon occlusion or (compared with the initial
occlusion) the ischemic response was reduced during the
subsequent balloon occlusion.
Experimental procedure. Written informed consent was
obtained for all patients in accordance with the guidelines
established by the University of Maryland Institutional Review
Board. The PTCA procedure was performed in a uniform
manner in all subjects, as previously described (10). Specifi-
cally, the initial 90-s period of balloon inflation was followed by
a 5-min interval during which the balloon was withdrawn
proximal to the lesion. A subsequent balloon inflation was
performed to an identical distending pressure for at least 90 s,
at which time the ischemic response was evaluated. No attempt
was made to standardize selection of contrast medium or use
of adjunctive pharmacotherapy. Perfusion balloons and intra-
procedural nitrates were not used. All procedures were clini-
cally and angiographically successful.
Statistical analysis. Categoric variables are summarized as
percentages and compared using contingency tables, with the
Yates correction for small numbers. The Fisher exact test was
used when an expected cell value was ,5. A p value ,0.05 was
considered statistically significant.
Results
Initial balloon inflation. In the overall group of 67 patients
the prevalence of angina during the initial PTCA balloon
occlusion was 64% and the prevalence of ST segment shift was
75%. The mean magnitude of ST segment shift was 10.6 mV
(SD 0.2). There was a significant difference across the various
intervals in the proportion of patients with no ischemic re-
sponse during this initial inflation (Table 2). Figure 1 summa-
rizes the temporal profile of the ischemic response to the initial
balloon occlusion: the longer the time elapsed since the last
spontaneous episode of angina, the lower the proportion of
patients without an ischemic response. The proportion of
patients who had angina (chi-square 17.42, p 5 0.00003) or an
ST segment shift (chi-square 8.44, p 5 0.0037) was higher
when the last spontaneous episode of angina occurred .24 h
before the first inflation compared with when last spontaneous
pain occurred ,6 h previously.
Second balloon inflation. Overall (n 5 67), the prevalence
of a diminished ischemic response (i.e., ischemic precondition-
ing) increased significantly relative to the initial balloon infla-
tion (for angina: 33% to 79%, chi-square 29.1; for ST segment
shift: 28% to 85%, chi-square 45.68; for angina plus ST
segment shift: 24% to 67%, chi-square 25.31; p , 0.0001). The
mean magnitude of ST segment shift was 10.3 mV (SD 0.1).
The prevalence of diminished angina was similar when the last
spontaneous episode of angina occurred ,12 h previously, but
increased (16% to 87%, chi-square 38.4, p , 0.0001) when the
last episode occurred .12 h previously (Table 3). The preva-
lence of diminished ST segment shift was similar when the last
spontaneous episode of angina occurred ,6 h previously, but
increased (20% to 85%, chi-square 47.27, p , 0.0001) when
the last episode occurred .6 h previously (Table 4). The
prevalence of a diminished combined ischemic response (an-
Table 1. Study Group
Last Spontaneous Episode of Angina
p
Value
0–6 h
(n 5 12)
6–12 h
(n 5 17)
12–24 h
(n 5 13)
.24 h
(n 5 25)
Mean age (yr) 59 60 60 59 0.96
Men 7 (58) 11 (65) 8 (62) 20 (80) 0.58
Post-MI UA 6 (50) 9 (53) 5 (38) 13 (52) 0.88
Beta-blockers 3 (25) 5 (29) 4 (31) 10 (40) 0.88
Ca antagonists 4 (33) 7 (41) 6 (46) 10 (40) 0.98
IV nitrates 6 (50) 8 (47) 6 (46) 11 (44) 0.82
Target artery
LAD 5 (42) 7 (41) 5 (38) 11 (44) 0.98
LCx 2 (17) 3 (18) 2 (15) 5 (20) 0.96
RCA 5 (42) 7 (41) 6 (46) 9 (36) 0.88
Mean % DS 75 80 76 72 0.94
Collat channels 0 4 (24) 3 (23) 6 (24) 0.48
Data presented are number (%) of patients, unless otherwise indicated.
Ca 5 calcium; Collat 5 collateral; DS 5 diameter stenosis; IV 5 intravenous;
LAD 5 left anterior descending coronary artery; LCx 5 left circumflex coronary
artery; MI 5 myocardial infaction; RCA 5 right coronary artery; UA 5 unstable
angina.
Abbreviations and Acronyms
ECG 5 electrocardiogram, electrocardiographic
PTCA 5 percutaneous transluminal coronary angioplasty
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gina plus ST segment shift) was also similar when the last
spontaneous episode of angina occurred ,6 h previously, but
increased (18% to 73%, chi-square 33.0, p , 0.0001) when the
last episode occurred .6 h previously (Table 5).
Recovery of preconditioning. Figure 2 depicts the time
course of recovery of the “classic” PTCA-related precondition-
ing effect, as indicated by the proportion of patients with
further diminution of the ischemic response from the first to the
second inflation. Patients whose last spontaneous episode of
angina occurred .24 h before the first inflation showed the
greatest inducibility of preconditioning (Fig. 2).
Discussion
Whether preconditioning occurs spontaneously during the
natural history of ischemic heart disease is controversial (9,17).
Our approach to the study of preconditioning in humans takes
into account a combination of spontaneously occurring events
and the capability of inducing myocardial ischemia during
PTCA. Given the de facto increased frequency of spontaneous
episodes of clinical ischemia in patients with unstable coronary
syndromes (18), the ability to define a potential new marker of
preconditioning (i.e., the ischemic response during initial
balloon inflation) is noteworthy. A diminished ischemic re-
sponse—the hallmark of preconditioning in stable angina
(10)—was evident in the present study, in which all patients
had unstable coronary syndromes before PTCA. This dimin-
ished ischemia was found in the response to both the initial and
subsequent balloon inflation, albeit to varying degrees in
different subgroups.
Time dependence of preconditioning. This study is the first
to analyze the time-dependent relation between spontaneously
occurring angina and the likelihood and inducibility of precon-
ditioning as assessed by the response to PTCA balloon occlu-
sions. We found that the shorter the interval between the last
episode of angina and the initial balloon occlusion, the less
evidence there was of an ischemic response. Indeed, when
angina occurred spontaneously within 6 h, nearly two-thirds of
patients had no manifestation of ischemia during initial bal-
loon occlusion, consistent with the possibility that these pa-
tients were “preconditioned” by the clinical event. In contrast,
as the interval from the last spontaneous episode of angina to
the first balloon occlusion increased, any naturally occurring
preconditioning effect waned. Thus, by 12 to 24 h, the first
balloon inflation commonly produced angina or an ST segment
shift, or both. Preconditioning, however, could be rapidly
reinduced, as shown by the diminution of the ischemic re-
sponse during the second balloon inflation. This recovery
appeared to be most apparent when at least 6 to 12 h had
elapsed since the last spontaneous episode of angina, with the
effect being especially marked when .24 h had elapsed. This
inducibility of the “classic” preconditioning response may
represent an additional “window” of preconditioning (19,20).
The waning of the cardioprotective effect beyond 6 h, the
recovery of inducibility of preconditioning from 6 to 12 h and
the marked potentiation of the preconditioning effect at 24 h
strongly suggest an underlying time-dependent mechanism.
That these relations were obtained irrespective of the mode of
clinical presentation, the presence of collateral channels at
baseline and concomitant anti-ischemic therapy supports the
hypothesis that preconditioning is a process with a distinct
temporal profile (21).
Study limitations. Several limitations of this study must be
addressed. First, the vagaries of patient referral, transport and
Figure 1. Percentage of patients (vertical axis) without an ischemic
response during the first balloon inflation as a function of time elapsed
(horizontal axis) from the last spontaneous episode of angina.
Table 3. Patients With No or Diminished Angina During
Balloon Inflation
Last Spontaneous
Episode of Angina 1st Inflation 2nd Inflation
Chi-Square
Statistic
p
Value
0–6 h 9 (75) 11 (92) 1.2 0.27
6–12 h 9 (53) 14 (82) 2.15 0.143
12–24 h 4 (31) 11 (85) 5.67 0.017
.24 h 2 (8) 21 (84) 26.09 0.0000
Data presented are number (%) of patients.
Table 2. Patients Without Ischemic Response During First Balloon Inflation
Last Spontaneous Episode of Angina
Chi-Square
Statistic
p
Value
0–6 h
(n 5 12)
6–12 h
(n 5 17)
12–24 h
(n 5 13)
.24 h
(n 5 25)
No angina 9 (75) 9 (53) 4 (31) 2 (8) 18.74 0.00031
No ST seg shift 6 (50) 6 (35) 3 (23) 2 (8) 8.75 0.033
No angina, no ST seg shift 6 (50) 6 (35) 3 (23) 1 (4) 11.16 0.011
Data presented are number (%) of patients. seg 5 segment.
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scheduling were applied across all intervals and should not
have resulted in selection bias in this study group, which was
representative of patients presenting to interventional labora-
tories. The categorization of patients according to the interval
from the most recent episode of angina to first balloon
inflation was arbitrary but allows for meaningful statistical
analysis. It should be emphasized that these intervals were
easily defined. Further subdivision of intervals would have
resulted in additional subgroups with smaller numbers for
statistical comparison.
Second, enhancement of potential collateral channels with
sequential balloon occlusion was not directly assessed, but
previous studies indicate that this is unlikely to be a major
factor in the assessment of preconditioning (10,22,23). There
was no baseline difference between groups in the degree of
angiographically visible collateral channels. Indeed, no collat-
eral channels were visible at baseline in the group with the
highest prevalence of preconditioning during the initial bal-
loon inflation. Furthermore, within the experimental time
scale, it is possible that there was a progressive reduction of
collateral flow consequent to the relief of coronary obstruction
with successive balloon inflations. Previous studies analyzing
the extent of collateral flow during PTCA by contrast injection
of the contralateral artery have failed to demonstrate progres-
sive recruitment of collateral channels (24,25).
A critical assumption in the first part of our hypothesis was
that the absence of angina or ST segment elevation during the
initial balloon inflation was evidence of ischemic precondition-
ing. Without continuous ECG monitoring, the contribution of
spontaneous subclinical (silent) ischemic episodes to these
observations cannot be evaluated. It is conceivable that some
patients had been pain free .24 h because they were still
preconditioned by repetitive brief episodes of silent ischemia
that could only be detected by continuous monitoring of the ST
segment. We observed, however, that preconditioning was
readily inducible in patients who had been pain free .24 h.
Thus, it seems unlikely that preconditioning could have been
further induced in myocardium that was already precondi-
tioned. Finally, in the absence of data on left ventricular
mechanical function before, during and immediately after the
initial balloon inflation, any influence of myocardial stunning
on these observations cannot be discounted (26). There is
presently scant information available on the clinical and ECG
response during PTCA in patients with documented myocar-
dial stunning. In particular, it is not clear whether precondi-
tioning can be induced in stunned myocardium. The time
course for recovery from myocardial stunning (26,27) is in
excess of the time window of inducibility of preconditioning
observed in this study.
Implications. It is possible that PTCA clinical success rates
may be optimized when preconditioning is readily inducible
because preconditioned myocardium may better tolerate isch-
emia or a major ischemic complication. Based on symptomatic
and ECG criteria, preconditioning could be readily induced in
nearly 90% of our patients, and this was true across all
intervals. Thus, the preconditioned state itself may not be the
main factor influencing outcome; rather, the ability to induce
(or retain inducibility of) preconditioning may be a favorable
prognostic marker. Inducibility of preconditioning may be
more important for high risk patients with less myocardial
reserve. It remains to be proven that deliberate timing of
PTCA with respect to the last episode of angina can reduce
periprocedural ischemic complications in unstable ischemic
syndromes.
Conclusions. Using a clinical model that assesses the pres-
ence of preconditioning before and not just after the first
PTCA balloon inflation, we have provided additional evidence
to support the occurrence of ischemic preconditioning in a
clinical setting. Spontaneous episodes of angina in patients
with unstable ischemic syndromes ameliorate the ischemic
response to the initial balloon occlusion during PTCA as a
function of the time elapsed since the last episode of angina.
This spontaneous preconditioning effect appears virtually ab-
Figure 2. Time course of recovery of “classic” preconditioning effect:
percentage of patients (vertical axis) with diminution of ischemic
response from the first to second balloon inflation as a function of time
elapsed (horizontal axis) from the last spontaneous episode of angina.
Table 5. Patients With No or Diminished Angina Plus ST Segment
Shift During Balloon Inflation
Last Spontaneous
Episode of Angina 1st Inflation 2nd Inflation
Chi-Square
Statistic
p
Value
0–6 h 6 (50) 7 (58) 0.168 0.682
6–12 h 6 (35) 13 (76) 4.29 0.038
12–24 h 3 (23) 9 (69) 3.87 0.049
.24 h 1 (4) 17 (68) 20.75 0.0000
Data presented are number (%) of patients.
Table 4. Patients With No or Diminished ST Segment Shift During
Balloon Inflation
Last Spontaneous
Episode of Angina 1st Inflation 2nd Inflation
Chi-Square
Statistic
p
Value
0–6 h 6 (50) 8 (67) 0.69 0.406
6–12 h 6 (35) 15 (88) 7.97 0.0047
12–24 h 3 (23) 11 (85) 7.58 0.0059
.24 h 2 (8) 21 (84) 26.09 0.0000
Data presented are number (%) of patients.
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sent after 24 h. We have also shown that recovery of inducibil-
ity of classic PTCA-mediated preconditioning occurs from 6 to
12 h after the last spontaneous episode of angina and is
potentiated by an interval of .24 h. The temporal relation
described herein is consistent with a process with a physiologic
“half-life” of 6 to 12 h.
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